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COLI 0157:H7 AND 0157:NM (NONMOTILE) FROM MEAT PRODUCTS
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William C. Cray, Jr., Douglas O. Abbott,
Frankie J. Beacorn, and Steven T. Benson

Introduction

The followi ng nethod is used for the analysis of raw and ready-
to-eat neat products for Escherichia coli O157:H7 and O157: NM
(O157:H7//NM). The nethod is based on enrichnent in a selective
broth medium application of a rapid screening test,
I rmunomagnetic separation (IM5) in paranmagnetic colums, and
plating on a highly selective nedi um

This method represents a nodification of the previous FSIS
met hodol ogy. As such, this nmethod supercedes all previous FSI S
E. coli 0157: H7/ NM | aboratory nethods including M.G Chapter 5;
DETECTI QN, | SCLATI ON AND | DENTI FI CATI ON OF ESCHERICHIA

coLl O157:H7 AND O157: NM (NONMOTT LE) FROM MEAT AND

POULTRY PRODUCTS by Anelia K Sharar and Bonnie E. Rose.

Safety

E. coli 0157:H//NM is a human pathogen with a |ow infectious
dose. (lngestion of 100 cells can cause disease.) The use of
gl oves and eye protection is mandatory, and all work surfaces
nmust be disinfected prior to and i medi ately after use.

Materials Required

Equipment

a. Bal ance, sensitivity of 0.1 g

b. Stonacher? 400 or 3500 with appropriate sizes of sterile
Stomacher® bags, with or without nesh. (Tekmar Co.,

G ncinnati, GChio), or equival ent

C. | ncubator, static 35 + 2°C

d. M cropi pettors to deliver 15-1000 pul wth sterile
di sposable filtered m cropipet tips

e. Mechani cal Pipettor wwth 1.0 mM, 5.0 mM, 10.0 mM sterile
pi pets

f. | nocul ation 1oops, “hockey sticks” or spreaders, and
needl es
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W light (Iong-wave)
Filter unit, 0.2 um nylon, sterile
I nfrared thernoneter

LabQuake® Agitator (or equivalent) with clips to hold
m crocentrifuge tubes

Sterile disposable 12 x 75 mm pol ypropyl ene tubes (e.g.
Fi sher # 14-956-1B, or equival ent)

Sterile capped tubes to hold at |east 5 n

M crocentrifuge and sterile 1.5 m mcrocentrifuge tubes
Sterile 50 m conical tubes (e.g. Falcon # 2070, or
equi val ent)

Sterile 40 pum Cell Strainer (Falcon # 2340, or
equi val ent)

MACS Large Cell Separation Columms (MItenyi Biotec #
422-02, or equival ent)

Oct oMACS Separation Magnet (MItenyi Biotec # 421-09, or
equi val ent)

Multistand to support Oct oMACS Separation Magnet
(Mltenyi Biotec # 423-03, or equival ent)

Tray, autoclavable, approximately 130 mm x 83 nm (e.g.
VWR # 62663-222, or equivalent)for use with the Oct oMACS

5.32 Media / Reagents / Cultures

=

Qo

Q™o

Modi fied EC broth with novobi ocin (nEC+n) (or equival ent)

Rai nbow® Agar 0157 (Biolog Inc., Hayward California,
94545) containing 10 ng/L novobiocin plus 0.8 ny/L
potassiumtellurite, or equivalent selective nmedium
Ewving's notility test medium (0.4% agar)

Mdified EBEwng's notility test nmedium for notility
enhancenent (0.35% agar)

Sheep Bl ood Agar pl ates

SB + A Medi um

E Buffer, approximately 7 m per sanple [Buffered
Pept one \Water, Bovine Albumn Sigma # 7906 (or
equi val ent) , and Tween-20, or equival ent]

Lysol, 2.0% or equival ent

Dynal # 710.04 anti-E. coli Ol57 antibody-coated
paramagnetic beads (Dynal 1Inc., Lake Success, NY
11042), or equival ent

E. coli OL57:H7 strain 465-97 (positive control)

E. coli ATCC strain 25922 (negative control)

Triple sugar iron (TSlI) agar

Cel | obiose fernentation broth with Andrade's indicator
(Ewi ng, 1986)

5.33 Test Kits

Rev.1
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ELI SA-based screening test for the detection of E. coli
OL57: H//NM This test should neet or exceed the follow ng
per f ormance characteristics:

Sensitivity 398%
Specificity 390%
Fal se Negative Rate £ 2%
Fal se Positive Rate £10%

E. coli OL57:H7 latex agglutination test kit (RIM E. coli
O157: H7 Latex Test Kit, REMEL, 12076 Santa Fe Drive,
Lenexa, KS 66215, or equival ent)

Bi ochemcal test kits and systens [Vitek GNI and GNI Pl us
cards (bioMerieux Vitek, I nc., 595 Anglum Drive,
Hazel wood, MO 63042-2395) or equival ent]

5.4 Detection Procedure

Rev.1

a.

Sample Preparation

Not e: The enrichnment broths should be allowed to
warmto at |east 18°C prior to use.

i Raw ground beef m crobi ol ogi cal testing prograns.
Randomy collect five 65-g sub-sanples (total of 325
g) fromas nmany sites as possible in the package of
raw ground beef. Pl ace each 65-g sub-sanple in a

sterile Strainer Stomacher® bag. Add 585 nmi nEGC+n

broth and pummel for two minutes in a Stomacher®.

ii. Sem-dry and dry fernmented sausages. Aseptically
renove the exposed cut surfaces and cut the sausages
into small cubes consisting of both shell and core.

Weigh a sufficient nunber of the cubes into five

sterile Stonmacher?® bags to nake five 65-g sub-
sanpl es. Prepare a 1:10 dilution by adding 585 ni
of nEC+n broth to each sub-sanple. Pummel for 2
mnutes in a Stomacher®.
iii. Qutbreak-related sanples and cooked neat patties.

Randomy collect thirteen 25-g sub-sanples (total of
325 g) from as nmany sites as possible in the
package(s) of meat. Place each 25-g sub-sanmple in a
sterile Strainer Stomacher® bag and add 225 m of
nEC+n br ot h. Pummel for 2 nminutes in a Stomacher®

| ncubate all bags (static) with their contents for 20 to
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24 h at 35 + 2°C Include a positive, negative, and
uni nocul ated nedium control for each group of sanples
tested at one tine. Use a fluorescent E. coli OL57:H7

strain (FSIS culture # EC 465-97) as a positive contro
and E. coli ATCC strain 25922 as the negative control.

From the enrichnment cultures in the Stomacher® bags,
perform the ELISA-based E. coli O157: H7/ NM screening test
followng the manufacturer's directions. To prevent
clogging the pipette tip, be sure to collect the
appropriate size sanple fromthe enrichnent broth outside
the i nner strainer bag.

Sanpl es negative by the screening test can be reported as
negative for E. coli OL57: H7/ NM and di scar ded.

Sanpl es positive by the screening test should be reported
as potential positives. I solation and confirmation can
be initiated fromthe enrichnent culture in the Stomacher®
bag.

Isolation Procedure

a.

Prepare E buffer by mxing 0.5 g Bovine Al bumn and 50
pul Tween-20 into 100 ml Buffered Peptone Water (BPW.
Filter sterilize (0.2 um and store at 2-8°C.

Renove Dynal #710.04 Beads from 2-8°C storage and place on
i ce.

Renove Rai nbow® Agar plates from 2-8°C storage, allowing 3
pl ates for each screen-positive culture and each control.
Plates should be dried for up to 30 mnutes in the
lamnar flow hood (with the lids renoved) prior to use.
Dried plates that are not used should be |abeled "dried",
pl aced in bags and returned to 2-8°C

Renmove a bottle of E Buffer fromthe refrigerator. Decant
approximately 7 m of E Buffer for each culture

and each control into a separate 50 m tube and allow it
to xarn1to at |east 18°C (Return the stock E Buffer to
2-8°C.)

Place the positive control, negative control and
enrichnment broth cultures to be assayed in a tube rack.
O der and | abel the tubes so that the positive control is
first, followed by the negative control, then al
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cultures. Maintain this order for subsequent steps.

For each positive control, negative control, and culture,
| abel two sterile 1.5 mM mcrocentrifuge tubes, one 50 m
conical centrifuge tube and two 12 x 75 nmm capped tubes.
For each pair of 12 x 75 mm tubes, |abel one tube "1:10"
and add 0.9 mMl E buffer (for step s).

Prepare the Dynal #710.04 E. coli OL57: H7 inmmunonagnetic
bead suspension in a mcrocentrifuge tube according to
Table #1 bel ow Be sure to include the positive and
negative controls in the total nunber of cultures.
Return the stock vial of Dynal #710.04 E. coli O157: H7
i mmunomagneti ¢ beads to 2-8°C

Vortex the bead solution briefly (2-3 seconds), then add
50 pul to labeled mcrocentrifuge tubes (one per culture
and controls). Hold these tubes on ice.

Col  ect approximately 5 m from each enriched culture and
control into separate sterile capped tubes for use in the
| VB.

For each positive control, negative control, and culture,
place a 40 pm Cel|l Strainer on a 50-m conical centrifuge
t ube. Vortex each tube briefly, pour the contents
through the respective filter and collect at least 1.0 ni
of filtrate.

The CctoMACS magnet will hold up to 8 tubes, therefore
proceed with 8 or fewer culture tubes. Transfer 1.0 ni
of a filtrate (step j) to t he correspondi ng
mcrocentrifuge tube (step h) and place in the clips of
the LabQuake® tube agitator. Rotate the tubes for 10 - 15

mn. at 21-24°C,
Attach the Oct oMACS nmagnet to the Miltistand.

Position a tray on the base of the Miltistand so that it
will collect the filtrate passing through the columms.
Add approximately 300 m of 2% Lysol to cover the bottom
of the tray.

Carefully open as many as 8 Large Cell Separation Colum

packages. Label and place the columms on the CctoMACS
magnetic collector. Insert colums fromthe front making
sure the colum tips do not touch any surfaces. Leave

the plungers in the bags at this tine to nmaintain
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sterility.

Pi pet approximately 500 pl E buffer to the top of each
colum and let the buffer run through.

Vortex, then pipette each culture and control from step
k, to its correspondi ng col um.

After a culture or control has drained through, wash the
colum by applying 1.0 m of E buffer to each colum and
allow to drain. Repeat 3 nore tines for a total of 4
washes.

After the last wash has drained, renove the colum from
the COctoMACS magnet and insert the tip into an enpty
labeled 12 x 75 mm tube. Apply 1 m of E buffer to the
colum, and using the plunger supplied with the col um,

immediately flush out the beads into the tube. Use a
snmooth, steady notion to avoid splattering. Cap the
t ubes. Repeat this for each colum. If there are nore

than 8 cultures and controls, decontam nate the Cct oMACS
(as in step w) after each set of 8 has been processed.
Repeat steps k-r for the additional cultures.

Vortex the tubes from step r briefly to resuspend the
beads. Make a 1:10 dilution of weach treated bead
suspension by adding 0.1 m of the bead suspension to a
12 x 75 mm | abel ed tube containing 0.9 m E Buffer.

Vortex briefly to maintain beads in suspension and plate
0.1 m from each tube (steps r and s) onto a I|abeled
Rai nbow® Agar pl ate. Use a hockey stick or spreader to
spread plate the beads, being careful not to spread the
beads agai nst the edge of the plate.

Vortex the tubes containing undiluted beads from step r
and centrifuge one m nut e usi ng a bench-t op
m crocentrifuge to concentrate the beads. Wthdraw and
di scard the supernatant w thout disturbing the beads. Add
0.1 m of E buffer to the beads, vortex to resuspend, and
pi pette the suspension to a | abel ed Rai nbow® Agar pl ate.
Spread plate the beads as described in step t.

As soon as there is no visible noisture on the agar
surface, invert plates and incubate for 24 - 26 h at 35 +
2°C.
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Decontam nate the Oct oMACS magnetic collector by applying
2% Lysol directly to the surface. After approximately
ten mnutes, rinse with deionized or tap water. Al | ow
the unit to air-dry or use absorbent paper towels to dry
the unit.

Identification and Confirmation

a.

b

C.

After incubation, E. coli O157: H7 col oni es have bl ack or

gray coloration on Rainbow® Agar. Wwen E. coli O157: H7
colonies are surrounded by pink or magenta col onies,
t hey may have a bl uish hue. Mark colonies typical of E.
coli O157:H7 and perform | atex agglutination assays for
0157, followi ng manufacturer’s instructions. Streak al

| atex positive colonies, up to a total of five from each
sanpl e (one per sub-sanple, if possible) onto Bl ood Agar
pLates. | ncubate Bl ood Agar Plates for 16 - 20 h at 35 +
2°C.

Note: Hold the original Rainbow’ plates at 20-24°C until
results are confirnmed. If no |atex-positive colonies
were found at 24 h, re-examne the plates for typica
colonies after an additional 6 — 20 h.

After incubation, examne the Blood Agar plates for
purity under visible |light and evidence of cross
contamnation with the positive control under W |ight

If the Blood Agar Plates appear pure and uncontam nated

performthe follow ng confirmatory tests:

i Bi ochem cal confirnation.
Inoculate Vitek-GNI or GNI Plus cards. In order to
differentiate between E. coli 0157 and simlar
conpetitive or gani sns, i ncl ude t he foll owi ng
convent i onal tubed nedi a: TSI, cel | obi ose, and
nmotility test medi um

ii. Serological confirmation.
To confirm the absence or presence of 0157 and H7
antigens, wuse an E. coli Ol57:H7 latex test
agglutination kit (RIM E. coli Ol57:H7 Latex Test
Kit, or equivalent). Use growh fromthe bl ood agar
plate and follow the manufacturer's directions.

If the isolate confirns as an E. coli 0157:H7, it may be
reported positive at this point. If the culture is non-
notile, the H7 test is negative or nonspecific, or
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(optionally) the H7 test is positive, perform tests for
the presence of Shiga-like toxin(s) and/or the toxin
gene(s).

If the Shiga-like toxin(s) and/or one or nore toxin genes

are present, the sanple will be treated as positive for
E. coli 0157:H7 or E. coli 0157:NM and regul atory action
will be taken. The <cultures wll also be tested by

pul sed-field gel electrophoresis (PFGE) for potential
epi dem ol ogi cal associ ati on.

5.7 Quality Control

Rev.1

In addition to the requirenents listed in MG Ch.36, it
shoul d be not ed:

Rai nbow* Agar plates have a shelf life of 2 weeks.
Al nmedia nust be pre-warned to 18-35°C prior to use.

The recomended fluorescent strain of E. coli OL57:H7
must be used in this procedure to nonitor for cross
contamnation. The protocol for the use of fluorescent
strains of E.coli OL57:H7 as positive controls foll ows:

WIld-type strains of E. coli Ol57:H7 transformed with
pGFP produce a green fluorescent protein. As a result of
this transformation, fluorescent strains of E. coli
OL57: H7 possess the unique property of expressing bright
green fluorescence visible in the dark when illumnated
by |ong-wave WV light. This property, which sets them
apart from typical E. coli OL57:H7, makes them useful

positive controls for analyses of neat sanples for E.
coli O157: H// NM At different steps in the procedure,

both test sanples and (fluorescent) positive controls can
be tested for the bright green fluorescence as a Quality
Control neasure to mneke sure that ©positive sanple
isolates actually came fromthe test sanple and not from
acci dent al contamnation by the positive contro

cul tures.

Results of studies done at the FSIS Beltsville Mcrobia
Pat hogens Laboratory showed that these fluorescent
cultures can be subjected to E. coli OL57: H7/NM i sol ati on
and identification procedures wthout losing their
fluorescent properties. These strains retain their
fluorescent properties when grown in SOB nedia with added
anpicillin (SOB + A). These cultures nust be transferred
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every 5 days to fresh SOB + A nedia, according to the
protocol outlined below The fluorescent colonies are
ready to be used as positive controls on day 3 of the
followng protocol, and for the next 4 consecutive days
without losing their fluorescent properties. If these
cultures are not needed on a continuous basis, they can
be stored at refrigeration tenperatures on SOB + A agar
plates in zip-lock bags or sealed with parafilm for 1
month and then transferred, or started up again 2 days
before needed. Strict adherence to the protocol
described below is essential, in order to ensure that the
fluorescent strains do not lose their ability to express
green fluorescence.

i Test the fluorescent E. coli OL57:H7 strain (FSIS
culture # EC 465-97 or the currently designated
control strain) on SOB + A agar plate for
fluorescence by illumnating colonies under |ong-
wave W light in the dark

ii. Select only fluorescing colonies and inoculate into
10 mM of SOB + A broth in a tube. Incubate at 35 +
2°C over ni ght .

iii. Streak the culture fromthe SOB + A broth onto SOB +
A agar plate. Incubate at 35 + 2°C overnight.

iv. Examne colonies on the plate for fluorescence. The
fluorescent colonies are ready to be inoculated into
nodified EC broth + novobiocin (nECtn) at this
stage. These cultures on SCB + A agar plates can be
stored refrigerated and be used as positive controls
for 4 nore days. I ncubate the inoculated nECHn

positive control culture at 35 + 2°C overnight, along
with the test sanples

V. Conti nue analysis per Sections 5.4 - 5.6 above and
test the Blood Agar Plates of the fluorescent
positive controls and any positive sanple cultures
for fluorescence.
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Table 1 Calculations for immunocepture beads
# of Cultures |ul Beads * ul # of Cultures |ul Beads * ul
E-Buffer E-Buffer

1 15 135 26 145 1305
2 20 180 27 150 1350
3 25 225 28 155 1395
4 30 270 29 160 1440
5 35 315 30 165 1485
6 40 360 31 175 1575
7 45 405 32 180 1620
8 50 450 33 185 1665
9 55 495 34 190 1710
10 60 540 35 195 1755
11 65 585 36 200 1800
12 70 630 37 205 1845
13 75 675 38 210 1890
14 80 720 39 215 1935
15 85 765 40 220 1980
16 90 810 41 230 2070
17 95 855 42 235 2115
18 100 900 43 240 2160
19 105 945 44 245 2205
20 110 990 45 250 2250
21 120 1080 46 255 2295
22 125 1125 47 260 2340
23 130 1170 48 265 2385
24 135 1215 49 270 2430
25 140 1260 50 275 2475

* Dynal anti-E. coli 0157:H7 antibody-coated paramagnetic beads (vortex briefly before

use)
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